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R6sum6 - Deux types de sialons b n t  l 'un a subi un pressage isostatique a 
chaud (H.I .P . )  ont 6t6 analysds en cambinant diffgrentes techniques de micros- 
copie 6lectronique analytique en transmission. On mntre que l e  pressaqe iso- 
statique a chaud h o ~ d n f ! i s e  l a  granulom6trie e t  6qalement l a  microstructure 
intergranulaire. La m6thcdologie u t i l i s k  p e n t  de re l ie r  cette microstruc- 
ture aux propribtes mscaniques 2 haute temp6rature e t  en particulier de 
mettre en relief l e  r6le sgcif ique des interfaces. 
Abstract - ?tjo types of sialons which differ by the processi~a conditions (one 
has been submitted to hot isostatic pressing af ter  sintering) were analyzed 
by simultaneous techniques i n  transmission electron microscopy. It was shown 
that  both granulometry and interqranular microstructure are homoqeneized by 
hot isostatic pressing. The rethodology used allows t o  relate the high tempe- 
rature mechanical properties to  the &crostructural characteristics and to 
reveal the specific role of interfaces. 
MTROWCTION 
The them-mechanical behaviour of sialon-type ceramics are strongly d e p -  
dent on their intergranular microstructure which can be either qlassy, crystalline 
or mixed according to the starting compositions and to the processinq conditions. 
Materials with a crystalline boundary phase (CBP)may keep high strength UP to  12C0°C. 
On the other hand materials which exhibit a vitreous boundary phase (VBP) w i l l  dis- 
play a higher shock resistance. In th i s  second case, it has been established that 
vitreous interfacial films (VIF) lead t o  higher performances /I/. 
Recent works have suggested that it is possible to obtain a selected inter- 
granular structure from a basic material by usinq only them-mechanical post-sinter- 
ing heat treatments (HIP,  oxidation, crystallization ... ) /2,3/. Consequently the 
improvement of a material for a specified application requires a complete knowledge 
of the influence of this  microstructure on the mechanical properties. Due to the 
thinness of the interqranular layer (1-103 nm) the only available characterization 
technique is transmission electron microscopy. 
The aim of this  paper is primarily to  propose a specific methcdolv for cha- 
racterizing vitreous and crystalline boundary phases (VBP, CBP) as well as vitreous 
interfacial films (VIF) using a technique that avoids artefacts due to geometric 
effects, absorption contrast and ion thinning. Then, it should be emphasized that 
it is diff icul t  to establish the relationship betneen macroscopic behaviour and 
intergranular structure since chanqes i n  flawdistribution and in  density that  occur 
+ A,B correspond to the trade designations N3, N32 
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during pressing must also be taken into account. However, we try then to qive e p -  
rimental evidences upon the influence of the intergranular structure on some mecha- 
nical properties such as  fracture strength and toughness. 
EXPERIMENTAZ, 
Two yttria-dopd sialon type ceramics (A) and (B)* from CERAVER have been 
investigated - (B) material is  identical to (A) but has been submitted t o  a HIP treat- 
m n t  af ter  sintering. The starting powder cormmsition is  given i n  table I. 
Table I /4/ Starting powder composition 
Nitridation and sintering lead for both materials t o  the stoechiomtric formula 
for 6 ' -  sialon grains : 
Si5,6 A10,4 '0,4 N7,6 /4/ 
For microstructural investigation, two analytical TEM-STEM have been used : 
a JEOL 103 CX (120 KV) equipped with an EDAX X-ray analvser and a Philip2 EM 430 
(3CO KC"). Micro-analysis i n  STEM m>de have been carried out usinq a 150 A diameter 
microprobe. Specimens have been prepared by ion-milling from a thickness of = 40 
Previous X-ray analysis have shown that  both materials display the hexagonal 
symetryof 6'-sialon phase /4/. The 6'- grains are embedded i n  an int&rgranular 
phase which arises from the y t t r i a  sintering additive and the segregation of impuri- 
t ies.  Mechanical behaviour of sialon (A) and (B) a t  room temperature are displayed 
i n  table 11, in  te rm of average rupture strength OR, modulus of Weibull m and 
fracture toughness KIC . 
Table I1 : Characteristics of sialons 
Conventional TEM analysis (dark field, bright field, selected area diffrac- 
tion) a l l ~ s  one to charac%rize extended thin areas of qlass boundary phases (thin- 
ness lOCO A, diameter 5000 A).  Nevertheless, when the geometry is complex o r  the 
vitreous phase thick, the characteristic diffuse halo may be too weak. Then micro- 
diffraction technique must be used o r  electron irradiation induced effects which 
lead to the formation of oxygen bubbles via Si-0 bond radiolysis (Fig.1) /5/. Dark  
f ie ld imaging can lead to misinterpretation of grain boundary structures. From 
Fig. 2a which shows a dark f ie ld image of a t r iple  junction with a diffracted inten- 
s i ty  a t  the grain boundary, one could assume the presence of a vitreous interfacial 
film. However, high resolution imaging using IlCO} planes (Fig. 2b) evidences that  
no vitreous film is present. 
Using these procedures, one may compare the microstructure of each sialon. . 
Mat 
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Fig. 3a shows a typical aspect of sialon (A) which is composed of 6 '  qrains with an 
average size of 1 p and an heterogeneous intergranular phase. With the techniques 
described above and microanalysis, it has been shown that  : 
1) the intergranular phase is always glassy and ms t ly  i n  fair ly  large pockets (0.1 
t o  1 pm) with the corpsi t ion of a mixed aluminium and yttrium s i l i ca te  (withN, 
"R 
m a  
530 
800 
H(C;Pa) 
15,3 
16,3 
rn 
12 
14 
E(GPa) 
275 
280 
KIC 
mahi  
4 
4,4 
Ca and Fe as  substituted elements) (Fig. 3) . 
2) the intergranular glassy phase is not continuous. A l l  the 30 6' boundaries stuJied 
are essentially free of glassy phases (Fig. 2 and 4a). 
3) the 6 - 6 ' or 6 '- glass interfaces are often parallel t o  sinple { 103) planes and 
contain reticular steps as shown in Fig. 4. The atomic planes corresponding t o  
these steps could be either plane 1 or  2 in Fig. 5. Both planes contain nitrogen 
atoms onlyhtplane 1 which is denser seems more probable. 
Sialon B 
The macroscopic aspect of (B) seems to be more homgeneous than (A) especially for 
the intergranular phase which i s  also glassy and which does not exhibit larqe podcets 
as i n  (A) (Fig. 6 ) .  Chemical composition of this qlassy phase is qui te  similar to 
the one observed i n  (A). But the main difference brought by HIP is that most of the 
grain boundaries now have an interfacial vitreous film ( 2  10 a) (Fiq. 7 ) .  However, 
it was not possible yet t o  decide whether this VIF is continuous or  not. 
DISCUSSION 
A s  far as mechanical properties are concerned, sialon (B) exhibits a hiqher 
rupture strength than (A) (A OR > 303 MPa) , whereas both display a mximm i n  frac- 
ture toughness and a drop off in  strength i n  the range 900-1050°C. High m r a t u r e  
mechanical behaviour of (A) and (B) are similar w i t h  other comnercial sialon 
(Fig. 8) which also show a drop off due to the presence of a glassy grain boundary 
phase. This is consistent with our previous results /6/. A naximum in  fracture to@- 
ness has already been observed in hot pressed silicon nitride /7/ and has been a t t r i -  
buted to crack blunting mechanisms linked to the decreasing viscosity of the glassy 
phase w i t h  the temperature. A correlation between microstructure and increase i n  
strength by HIP is not, however, readily established. 
Several data on HIP materials have shown that fracture strength increases 
with the 6' aspect rat io (length/width) /8/ which is accentuated with sintering 
additives /9/. The fracture strength also increases with the density and decreases 
with grain size /lo/. It has been suggested for S i  N4 that an emaxed to rod-shaped 
grain transformation occurring during HIP implies ?he presence of the a: phase i n  the 
starting material, but this  is not the case here. HIP processing for (B) material, 
which contains a glassy intergranular phase, does not change the flawisdistribution, 
(m, modulus of Weibull goes up from 12 for (A) to 14 for (B)) .This distribution 
seems to correspond tothe pores population : densification occurs by an hornthetic 
decrease i n  pore size principally near the glassy phase. It has been observed in  
hot isostatically pressed alumina-glass composites that the viscous glass flows from 
the grain boundaries to  the macropores and might be conducive t o  pore f i l l ing  and 
collapsing /11/. The consequence is an increase in strength with a constant m value. 
Moreover the lack of vitreous film i n  sialon (A) means that the grains gather into 
clusters with crystallographic relationships leading t o  tough boundaries. The for- 
mation of these rigid clusters could contribute to  the discrepancy in  o. The delay 
i n  temperature AT between high temperature fracture stress of (A) and (B) r ~ y  have 
several reasons involving glassy pockets in  (A) - which lead to larqe flaws - or  
changes in glass viscosity. Since it has been established that viscosity was propr- 
tional to the N : 0 rat io /12/ this  could explain why the VIF which may correspond 
to  an enhancerrent in nitrogen concentration, would be m r e  viscous than the micro- 
structure with large glassy pockets. 
CONCLUSION 
It has been evidenced that the intergranular microstructure can be chanyed 
by hot isostatic pressing, i.e. the microstructure with glassy pockets transfoms 
to a vitreous Intergranular film. In the case of a glassy intergranular microstru~- 
ture, the pores distribution seem t o  control the r o o m  temperature fracture 
strength. A t  higher tsqerature the fracture mechanisms are m r e  complex involving 
viscosity changes of the grain boundary phase or  vitreous intergranular film and 
cristalloqraphic relationships between 8' - grains. 
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Fig. 1 : Sialon (A) : 
Induced effects and microdiffraction on glassy 
htergranular phase (bright field, 100 KV) 
Fig. 2 : Sialon (A) 
a) Dark f ield imaging of t r iple  junction with 
a grain born- (arrowed) , (100 KV) 
b) High resolution imaging of the same qrain 
boundary which does not exhibit a glassy film 
planes, bricrht field, 100 KV) - 
Fig. 3 : Sidlon (A) 
Typical structure with glassy pockeis 
(X-ray micro-analysis, 100 KV, 150 A microprdx) 
Fig. 4 : Interfaces in sialon (A) parallel to {100} planes and showing 1100) reti-  
cular steps (bright field, 300 KV) 
a) 6' - 6' vitreous-film-free grain boundary 
b) B' - glass interfaces 
Fig. 5 : 6 '  S i 3 N q  projection in basal 
plane with two types of steps 
- 
 FA^. 6 : Typical structure of sialon B 
-- 
F i g . 7  : Sialon B : High resolution 
mging of a vitreous interfacial film 
(VIF) ( bright field, 300 KV) 
Fig. 8 : Mechanical p w r t i e s  of the studied 
KlciMPahim) sialons a) rupture strength IJR 
7 1  - g  + b) fracture toqhness KIC 
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